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(57) ABSTRACT

A manufacturing method for a boundary acoustic wave
device is capable of certainly providing the boundary acous-
tic wave device with desired target frequency characteris-
tics. The manufacturing method for the boundary acoustic
wave device includes a process for preparing a laminated
body that includes a first medium, a second medium lami-
nated on the first medium, and an IDT electrode that is
disposed at an interface between the first and second media,
and a process for implanting ions from an outer portion of
the second medium and adjusting a frequency.
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METHOD FOR MANUFACTURING
BOUNDARY ACOUSTIC WAVE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a manufacturing method
for a boundary acoustic wave device preferably for use in a
resonator, a bandpass filter, or the like, for example, and the
boundary acoustic wave device, and also relates to a manu-
facturing method for a boundary acoustic wave device,
which includes a process for adjustment of a frequency, and
the boundary acoustic wave device, in more detail.

2. Description of the Related Art

In recent years, in place of surface acoustic wave devices,
boundary acoustic wave devices have been drawing atten-
tion. In the boundary acoustic wave device, boundary acous-
tic waves propagate through a boundary between first and
second media made of solid substances. Accordingly, in the
boundary acoustic wave device, compared with a surface
acoustic wave device, it is possible to promote the down-
sizing of the device. In addition, it is possible to achieve the
simplification of a package structure.

When the boundary acoustic wave device is used as a
filter or a resonator, it is necessary to set the frequency
characteristics thereof with a high degree of accuracy. How-
ever, in the boundary acoustic wave device, an interdigital
transducer (IDT) electrode exists at the boundary of the first
and second media. Accordingly, unlike the surface acoustic
wave device, it is difficult to adjust the frequency thereof.

In WO2008/062639 Al, an example of a method of
adjusting a frequency of the boundary acoustic wave device
is disclosed. As illustrated in FIG. 12, an IDT electrode 103
is disposed at the boundary of a first medium 101 and a
second medium 102. The second medium 102 includes a
medium layer 102a and a medium layer 1025, and a reform-
ing medium layer 102¢ is disposed between the medium
layers 1024 and 1025.

In WO2008/062639 Al, the outer side portion of the
second medium 102 is irradiated with laser light as illus-
trated by an arrow. Owing to the irradiation of the laser light,
the reforming medium layer 102¢ is heated, and metal
included in the reforming medium layer 102¢ is diffused
within the second medium 102. It is supposed that, owing to
the diffusion, a reforming portion is formed and hence it is
possible to enhance adjustment of a frequency.

In the boundary acoustic wave device, the propagation
energy of the boundary acoustic waves is concentrated into
a portion near the boundary of the first medium 101 and the
second medium 102. Accordingly, in the method of adjust-
ing a frequency described in WO2008/062639 A1, in order
to obtain desired frequency characteristics, it has been
necessary to form a reforming portion near the boundary of
media with a high degree of accuracy.

However, in the method of adjusting a frequency
described in WO2008/062639 Al, it is necessary to keep the
melting point of the reforming medium layer 102¢ low or to
select material that easily becomes diffuse, as the reforming
medium layer 102¢, so that media other than the reforming
medium layer 102¢ and the IDT electrode do not become
diffuse, and there has been a problem that device design is
largely constrained. In addition, in order to reform the
reforming medium layer 102¢ or diffuse metal included in
the reforming medium layer 102¢ into the surrounding
media 102a and 1025, it is necessary to cause melting and
a solidification action to occur near the melting point of the
reforming medium layer 102¢. However, if local heating is
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performed using a focused laser so as to cause the melting
and the solidification to occur, the film quality or the
diffusion state of the reforming layer becomes non-uniform,
and it has been very difficult to adjust a frequency with a
high degree of accuracy. Accordingly, it has been difficult to
obtain a boundary acoustic wave device including desired
frequency characteristics.

SUMMARY OF THE INVENTION

Accordingly, preferred embodiments of the present inven-
tion provide a manufacturing method for a boundary acous-
tic wave device, which is capable of easily and certainly
obtaining the boundary acoustic wave device including
desired frequency characteristics, and the boundary acoustic
wave device.

According to a preferred embodiment of the present
invention, a method of manufacturing a boundary acoustic
wave device includes a process for preparing a laminated
body including a first medium made of a piezoelectric
substance, a second medium made of a dielectric that is
laminated on the first medium, and an IDT electrode that is
disposed at an interface between the first medium and the
second medium, and a process for implanting ions or atoms
from an outer side portion of the second medium and
adjusting a frequency.

In a specific aspect of the manufacturing method for the
boundary acoustic wave device according to a preferred
embodiment of the present invention, when the wavelength
of a boundary acoustic wave is A, ions are distributed in a
region located within about one A above and below the
interface owing to the ion implantation. In this case, since
the propagation energy of the boundary acoustic wave is
concentrated into the region located within about one A
above and below the interface, it is possible to adjust the
frequency characteristics of the boundary acoustic wave
device with a higher degree of accuracy.

In another specific aspect of the manufacturing method
for the boundary acoustic wave device according to a
preferred embodiment of the present invention, at the time
of'the ion implantation, ions of atoms whose atomic weights
are greater than or equal to Li are implanted. In this case,
since the ions of atoms whose atomic weights are large are
implanted, the implanted ions are difficult to be extracted.
Accordingly, it is possible to provide the boundary acoustic
wave device whose frequency characteristics are stable.

In another specific aspect of the manufacturing method
for the boundary acoustic wave device according to a
preferred embodiment of the present invention, in the pro-
cess for preparing the laminated body, the second medium is
formed so that the thickness of the second medium becomes
a thickness causing elastic waves excited by the IDT elec-
trode to mainly include not boundary acoustic waves but
surface acoustic waves. Furthermore, after the ion implan-
tation process, a third medium including the same dielectric
material as the second medium or a dielectric material
different from the second medium is further formed on the
second medium so that elastic waves excited by the IDT
electrode mainly include boundary acoustic waves. In this
case, since the thickness of the second medium is thin, it is
possible to perform adjustment of frequency using small ion
implantation energy. Accordingly, it is possible to perform
adjustment of frequency using low-priced equipment. In
addition, since the thickness of the second medium is thin,
it is possible to easily implant ions whose atomic weights are
large. When ions of atoms whose atomic weights are large
are implanted, frequency characteristics greatly change.
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Accordingly, it is possible to reduce the amount of ions
implantation with respect to the amount of adjustment of
frequency, and it is possible to easily perform adjustment of
frequency.

According to preferred embodiments of the present inven-
tion, the boundary acoustic wave device includes a first
medium made of a piezoelectric body, a second medium
made of a dielectric that is laminated on the first medium,
and an IDT electrode that is disposed at an interface between
the first medium and the second medium, and the first
medium and/or the second medium includes an ion or atom
implantation region.

In a specific aspect of the boundary acoustic wave device
according to another preferred embodiment of the present
invention, when the wavelength of a boundary acoustic
wave is A, a region located within about one A above and
below the interface is the ion or atom implantation region.
In this case, it is possible to adjust the frequency character-
istics of the boundary acoustic wave device with a higher
degree of accuracy.

In another specific aspect of the boundary acoustic wave
device according to a preferred embodiment of the present
invention, the ions are ions of atoms whose atomic weights
are greater than or equal to Li. In this case, since the
implanted ions are difficult to be extracted, it is possible to
provide the boundary acoustic wave device whose frequency
characteristics are stable.

In another specific aspect of the boundary acoustic wave
device according to a preferred embodiment of the present
invention, the thickness of the second medium is a thickness
causing elastic waves excited by the IDT electrode to mainly
include not boundary acoustic waves but surface acoustic
waves, and further includes a third medium, which is
laminated on the second medium and includes the same
dielectric material as the second medium or dielectric mate-
rial different from the second medium. The third medium is
arranged so that elastic waves excited by the IDT electrode
mainly include boundary acoustic waves. In this case, since
the thickness of the second medium is thin, less ion implan-
tation energy is necessary. Accordingly, since it is possible
to perform adjustment of frequency using low-priced equip-
ment, it is possible to reduce the manufacturing cost of the
boundary acoustic wave device. In addition, it is possible to
easily implant ions whose atomic weights are large. There-
fore, it is possible to easily perform adjustment of frequency.

According to the manufacturing method for the boundary
acoustic wave device and the boundary acoustic wave
device according to various preferred embodiments of the
present invention, at a stage where the laminated body in
which the IDT electrode is disposed at the interface between
the first and second media is obtained, it is possible to adjust
a frequency owing to the ion implantation. Accordingly,
after the completion of the boundary acoustic wave device,
it is possible to easily adjust the frequency so as to obtain
target frequency characteristics. Alternatively, after the sec-
ond medium has been formed so that elastic waves excited
by the IDT electrode mainly include surface acoustic waves,
it is possible to easily adjust the frequency owing to the ion
implantation.

In addition, since the frequency is adjusted owing to the
ion implantation, it is possible to certainly distribute ions to
a portion near the interface between the first and second
media. Therefore, it is possible to perform adjustment of
frequency with a high degree of accuracy. According to
various preferred embodiments of the present invention, it is
possible to easily and certainly provide the boundary acous-
tic wave device including target frequency characteristics.
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The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is an elevational cross-sectional view for explain-
ing a process in which a frequency is adjusted owing to ion
implantation in a manufacturing method for a boundary
acoustic wave device according to a preferred embodiment
of the present invention, and FIG. 1B is a partially enlarged
elevational cross-sectional view for explaining an electrode
structure of the boundary acoustic wave device.

FIG. 2 is a pattern diagram illustrating vibration displace-
ment distribution of boundary acoustic waves propagating
through the boundary acoustic wave device according to the
first preferred embodiment of the present invention.

FIG. 3 is a diagram illustrating a relationship between the
amount of frequency change and the amount of ion implan-
tation in the manufacturing method for the boundary acous-
tic wave device according to the first preferred embodiment
of the present invention.

FIG. 4 is a diagram illustrating a relationship between the
amount of impedance change and the amount of ion implan-
tation in the manufacturing method for the boundary acous-
tic wave device according to the first preferred embodiment
of the present invention.

FIG. 5A is a diagram illustrating impedance characteris-
tics before ion implantation is performed and after ion
implantation has been performed with the amount of ion
implantation being about 1x10*® atom/cm?, in the manufac-
turing method for the boundary acoustic wave device
according to the first preferred embodiment, and FIG. 5B is
a diagram illustrating phase characteristics before ion
implantation is performed and after ion implantation has
been performed with the amount of ion implantation being
about 1x10"° atom/cm?, in the manufacturing method for the
boundary acoustic wave device according to the first pre-
ferred embodiment of the present invention.

FIG. 6A is a diagram illustrating impedance characteris-
tics before ion implantation is performed and after ion
implantation has been performed with the amount of ion
implantation being about 3x10*® atom/cm?, in the manufac-
turing method for the boundary acoustic wave device
according to the first preferred embodiment, and FIG. 6B is
a diagram illustrating phase characteristics before ion
implantation is performed and after ion implantation has
been performed with the amount of ion implantation being
about 3x10"° atom/cm?, in the manufacturing method for the
boundary acoustic wave device according to the first pre-
ferred embodiment of the present invention.

FIG. 7A is a diagram illustrating impedance characteris-
tics before ion implantation is performed and after ion
implantation has been performed with the amount of ion
implantation being about 1x10'¢ atom/cm?, in the manufac-
turing method for the boundary acoustic wave device
according to the first preferred embodiment, and FIG. 7B is
a diagram illustrating phase characteristics before ion
implantation is performed and after ion implantation has
been performed with the amount of ion implantation being
about 1x10"® atom/cm?, in the manufacturing method for the
boundary acoustic wave device according to the first pre-
ferred embodiment of the present invention.

FIG. 8A is a diagram illustrating impedance characteris-
tics before ion implantation is performed and after ion
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implantation has been performed with the amount of ion
implantation being about 5x10'% atom/cm?, in the manufac-
turing method for the boundary acoustic wave device
according to the first preferred embodiment, and FIG. 8B is
a diagram illustrating phase characteristics before ion
implantation is performed and after ion implantation has
been performed with the amount of ion implantation being
about 5x10'® atom/cm?, in the manufacturing method for the
boundary acoustic wave device according to the first pre-
ferred embodiment of the present invention.

FIG. 9 is a diagram illustrating a relationship between the
amount of ion implantation and the amount of frequency
change when He™ ions are implanted.

FIG. 10 is a diagram illustrating a relationship between
the amount of ion implantation and the amount of frequency
change when B* ions are implanted.

FIGS. 11A and 11B are individual schematic elevational
cross-sectional views illustrating a manufacturing method
for a boundary acoustic wave device according to another
preferred embodiment of the present invention.

FIG. 12 is a schematic elevational cross-sectional view
for explaining a frequency adjusting method for a boundary
acoustic wave device of the related art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, specific preferred embodiments of the pres-
ent invention will be described with reference to drawings,
thereby clarifying the present invention.

A manufacturing method for a boundary acoustic wave
device according to a preferred embodiment of the present
invention will be described with reference to FIGS. 1A and
1B. First, a first medium 1 illustrated in FIG. 1A is prepared.
As the first medium 1, in the present preferred embodiment,
a substantially 25-degree Y-cut LiNbO; substrate is prefer-
ably used, for example. As a matter of fact, the first medium
1 may also be formed using another piezoelectric substance.
As such a piezoelectric substance, LiNbO,; whose Cut-
Angles are other than the above-mentioned Cut-Angles,
LiTaO;, crystal, piezoelectric ceramics, or other suitable
material may be used, for example. In addition, as the
piezoelectric body, a laminated body including a piezoelec-
tric film and a supporting substrate may be used in which the
piezoelectric film is provided on the supporting substrate
such as a glass substrate, an Si substrate, a sapphire sub-
strate, or other suitable substrate, for example.

On the first medium 1, an IDT electrode 2 and a reflector
not illustrated are formed. A forming method for the IDT
electrode 2 is not limited to a specific method, and a
thin-film forming method such as vapor deposition, sputter-
ing, or other suitable method may be used, for example. In
the present preferred embodiment, as the IDT electrode 2, an
IDT electrode is formed that includes laminated metal films
enlarged and illustrated in FIG. 1B. In the laminated metal
films, starting from the bottom, these metal films, namely, a
Ti film 24, a Pt film 24, a TiO, film 2¢, an AlCu film 24, a
TiO, film 2e, a Pt film 2f; and an NiCr film 2g, are laminated
in that order. The film thicknesses of individual metal films
are as follows. In addition, the AlCu film is alloy whose
main component is Al and that includes Cu.

NiCr/Pt/TiO,/AlCWTiO,/Pt/Ti=about  10/22/20/225/20/
36/10 (the unit thereof is nm).

The pitch of electrode fingers included in the IDT elec-
trode and the reflector is, for example, about 2.01 pum, and
the pitch of electrode fingers substantially corresponds to the
wave length A of a boundary acoustic wave at a response
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6

frequency of the boundary acoustic wave device. The inter-
secting width of the IDT electrode is about 28.7 pum, the
number of electrode fingers of the IDT electrode is about
227, the numbers of electrode fingers of the reflectors
disposed on both sides of the IDT electrode in a boundary
acoustic wave propagation direction are individually about
31, and the ratio relative to the wavelength of the electrode
finger width of each of the IDT electrodes and the reflector
is about 0.25, for example.

After the above-mentioned IDT electrode 2 has been
formed, an SiO, film 3 is formed. The film formation of the
Si0, film 3 is performed using an arbitrary method such as
sputtering or other suitable method, for example. The film
thickness of the SiO, film 3 is preferably about 1213 nm, for
example.

Next, on the SiO, film 3, the film of an SiN film 4 is
formed preferably by sputtering. The film thickness of the
SiN film 4 is preferably about 400 nm, for example.

The above-mentioned SiO, film 3 and SiN film 4 corre-
spond to the second medium.

In addition, while, in FIG. 1A, not illustrated, an electrode
extraction pad is formed in a process for forming the IDT
electrode 2, so as to be electrically connected to the IDT
electrode 2. In addition, using a photolithographic method,
the SiO, film 3 and the SiN film 4 are subjected to patterning
so that the SiO, film 3 and the SiN film 4 on the electrode
extraction pad are removed.

In the laminated body obtained as described above, the
frequency characteristics thereof are measured. In the pres-
ent preferred embodiment, one port-type boundary acoustic
wave resonator is configured in which the reflectors are
provided on both sides of the IDT electrode 2. Accordingly,
as the frequency characteristics, a resonance characteristic,
an impedance characteristic and/or an impedance Smith
chart, and the like are measured. When the time comes, as
illustrated by an arrow in FIG. 1A, metal ions are implanted
into the second medium from the outer side portion thereof,
specifically, from above the SiN film using IMX-3500RS (a
medium current density ion implantation apparatus) manu-
factured by ULVAC, Inc. In the present preferred embodi-
ment, as the metal ions, Li ions are preferably implanted. In
the ion implantation, it is possible to certainly distribute ions
in the vicinity of the interface between the first medium 1
and the second medium including the SiO, film 3 and the
SiN film 4. In such a way as described above, it is possible
to form a region 5 into which ions are implanted, as
illustrated in FIG. 1A. When the region 5 into which ions are
implanted is formed, the propagation behaviors of the
boundary acoustic waves excited by the IDT electrode 2
change, and the frequency characteristics thereof change.

In such a way as described above, it is possible to adjust
the frequency characteristics owing to the ion implantation.
A specific adjustment of frequency result due to the ion
implantation will be described on the basis of a specific
experimental example, later.

In the present preferred embodiment, as described above,
only by performing the ion implantation from the outside
after the laminated body has been obtained, it is possible to
easily and certainly adjust the frequency of the boundary
acoustic wave device.

In addition, while, in the above-mentioned preferred
embodiment, the second medium is preferably formed using
the SiO, film 3 and the SiN film 4, the second medium may
also be configured using one type of dielectric. In addition,
the materials used for configuring the second medium are
not limited to SiO, or SiN, and various types of dielectrics
may also be used.



US 9,466,782 B2

7

Next, a specific experimental example will be described.

After the laminated body illustrated in FIG. 1A has been
prepared, Li* ions are implanted into the second medium
from the top surface thereof with implantation energy being
about 200 KeV, using IMX-3500RS (a medium current
density ion implantation apparatus) manufactured by
ULVAC, Inc, and hence frequency adjustment is performed.
In this case, the amount of ion implantation is variously
changed within a range from about 1x10** atom/cm® to
about 1x10'7 atom/cm?, for example, and frequency adjust-
ment is performed. The results are illustrated in FIGS. 3 and
4. FIG. 3 illustrates a relationship between the amount of ion
implantation and the amount of frequency change. In FIG. 3,
“(” indicates a resonance frequency Fr, and “x” indicates
an anti-resonant frequency Fa.

As is clear from FIG. 3, it is understood that the resonance
frequency and the anti-resonant frequency decrease with an
increase in the amount of ion implantation. Namely, it is
understood that there are negative correlations between the
amount of ion implantation and the resonance frequency and
anti-resonant frequency. Accordingly, by changing the
amount of ion implantation, it is possible to adjust a fre-
quency so that the frequency becomes a target frequency.

In addition, FIG. 4 illustrates a relationship between the
amount of ion implantation described above and the amount
of impedance change. The amount of impedance change
indicates the amount of change in a ratio of an impedance at
the resonance frequency to an impedance at the anti-reso-
nant frequency. As is clear from FIG. 4, it is understood that
an impedance ratio is less changed even if ion implantation
is performed.

Specific examples of the changes of the impedance char-
acteristics and the phase characteristics when the above-
mentioned amount of ion implantation is changed will be
specifically illustrated in FIGS. 5A to 8B.

FIG. 5A, FIG. 6A, FIG. 7A, and FIG. 8A are diagrams
individually illustrating impedance characteristics before
and after ion implantation, and FIG. 5B, FIG. 6B, FIG. 7B,
and FIG. 8B are diagrams individually illustrating phase
characteristics before and after ion implantation. In FIG. 5A
to FIG. 8B, solid lines indicate characteristics after ion
implantation, and dashed lines indicate characteristics
before ion implantation.

In addition, the amounts of ion implantation are as fol-
lows.

In FIGS. 5A and 5B, the amounts of ion implantation are
about 1x10'° atom/cm?, in FIGS. 6A and 6B, the amounts of
ion implantation are about 3x10"° atom/cm?, in FIGS. 7A
and 7B, the amounts of ion implantation are about 1x10'°
atom/cm?, and in FIGS. 8A and 8B, the amounts of ion
implantation are about 5x10*¢ atom/cm?.

The results in FIG. 5A to 8B correspond to the result
summarized in FIGS. 3 and 4.

In addition, since the amounts of changes in the imped-
ance change and the phase change are small in a case in
which the amounts of ion implantation are about 1x10'*
atom/cm® in FIGS. 3 and 4, the illustration thereof is
omitted.

As is clear from the above-mentioned experimental
examples, it is understood that, by controlling the amount of
ion implantation, it is possible to adjust the resonance
frequency and the anti-resonant frequency with a high
degree of accuracy.

In the above-mentioned preferred embodiment, owing to
the ion implantation, it is possible to adjust the frequency
with a high degree of accuracy. This may be because, owing
to the ion implantation, it is possible to distribute ions in the
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8
vicinity of the boundary of the first and second media, as in
the region 5 illustrated in FIG. 1A. As illustrated in FIG. 2,
on the basis of the vibration displacement distribution of an
elastic wave of the above-mentioned boundary acoustic
wave device, the energy of the elastic wave is concentrated
into a portion near the boundary of the first medium and the
second medium. The depth 0.0 of a vertical axis in FIG. 2
indicates the boundary between the first medium and the
second medium, a minus direction corresponds to a first
medium side, and a plus direction corresponds to a second
medium side. In FIG. 2, Ul indicates displacement distri-
bution in a propagation direction, U2 indicates a vibration
displacement component in a direction vertical to the propa-
gation direction and parallel to the boundary, and U3 indi-
cates a vibration displacement component in a direction
vertical to the propagation direction and the boundary. In
addition, in many cases, a boundary acoustic wave propa-
gates as one propagation mode with the vibration displace-
ment components of U1, U2, and U3 being coupled to one
another. As is clear from FIG. 2, when the wave length of the
boundary acoustic wave is A, the energy of the elastic wave
is distributed within a range where a depth is about
0.0£1.0A. In addition, most of the energy of the elastic wave
is concentrated into a range where a depth is about
0.0£0.70%., and the energy thereof gradually increases as it
gets closer to the depth 0.0, namely, the boundary of the first
medium and the second medium. In addition, from among
Si0, and SiN included in the second medium, on the inner
side of SiO, whose acoustic velocity is lower, vibration
displacement rapidly increases. Accordingly, by distributing
ions in a portion located within about one A above and below
the above-mentioned boundary owing to ion implantation, it
is possible to change the propagation behavior of the elastic
wave, and it is possible to more greatly change the propa-
gation behavior of the elastic wave within a range of about
0.7\ above and below the boundary. Namely, it is possible
to greatly change the frequency. Furthermore, it is under-
stood that, when the medium 2 is configured by laminating
a film whose acoustic velocity is high and a film whose
acoustic velocity is low, much energy is distributed in the
film whose acoustic velocity is low. Accordingly, it is
possible to adjust the frequency to an even greater extent.

When the distribution of Li ions in the above-mentioned
preferred embodiment is analyzed on the basis of an LSS
theory (for example, non-patent literature J. Lindhard et al.;
“Range Concepts and Heavy lon Ranges,” Mat. Fys. Medd.
Dan. Vid. Selsk., Vol. 33, p. 1-39, 1963), it is confirmed that
Li is distributed with a position in the film of the SiO, film
3 as the center thereof, the position being located about 770
nm (about 0.38A because of A=2.01 um) away from the
boundary of the LiNbO; substrate 1 and the SiO, film 3.

In the above-mentioned experimental example, the fre-
quency characteristics greatly change owing to the ion
implantation. This may be because the region 5 illustrated in
FIG. 1A is formed in a region of about 0.38) located near the
boundary of the first medium and the second medium, in
which the energy of the elastic wave is distributed. For that
matter, this may be because the region 5 is formed within
Si0, located near the boundary in the medium 2 configured
by laminating SiN whose acoustic velocity is high and SiO,
whose acoustic velocity is low, and hence a greater fre-
quency change is obtained.

In addition, in the above-mentioned preferred embodi-
ment, since the implantation energy is reduced to about 200
keV owing to the restriction of the ion implantation appa-
ratus used for ion implantation, the thickness of the SiN film
included in the second medium is about 400 nm. Therefore,
vibration energy is slightly distributed on the SiN surface.
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Therefore, in the same procedure as in the above-mentioned
preferred embodiment, a sample subjected to ion implanta-
tion and a sample not subjected to ion implantation are
prepared, the film of SiN is formed to be about 1600 nm in
thickness on the SiN film whose thickness is about 400 nm
after ion implantation, thereby forming a complete boundary
wave whose vibration energy is not distributed on the
surface, and a frequency difference between the sample
subjected to ion implantation and the sample not subjected
to ion implantation is compared. As a result, the same
frequency change as the frequency changed owing to the ion
implantation is confirmed. On the basis of these studies, it
may be judged that the frequency change due to the ion
implantation does not result from the change of thickness on
the surface of the SiN film of about 400 nm, due to ion
milling but results from the propagation behavior of the
boundary wave, changed by distributing [.i in a portion
located near the boundary using ion implantation and alter-
ing the elastic constant of the medium 2.

Accordingly, in various preferred embodiments of the
present invention, it is desirable that it is only necessary to
perform ion implantation on the region located within a
range of about one A above and below the above-mentioned
boundary, in the first medium and/or second medium. When
ions are implanted into a region ranging from about 0.7A to
about 1A above and below the boundary, a great frequency
change is not obtained. However, it may be expected that the
frequency moderately changes with respect to the amount of
ion implantation. Accordingly, it is suitable for the fine
adjustment of the frequency. On the other hand, when
manufacturing variations are large and frequency adjustment
is performed so as to greatly change a frequency, it is
desirable that ions are implanted into the region located
within a range of about 0.7A above and below the boundary.
Accordingly, it is possible to greatly change the frequency.

Furthermore, it is also desirable that the first medium or
the second medium has a laminate structure. Consequently,
by implanting ions into a medium layer located near the
boundary in which energy steeply increases, it is possible to
change the frequency to a greater extent. Accordingly, it is
also possible to deal with a case in which manufacturing
variations are large, which is desirable.

In the same way as the above-mentioned experimental
example, frequency adjustment is tried. In this regard,
however, ionic species to be implanted are He* and B* ions.
The results are illustrated in FIGS. 9 and 10. FIG. 9
illustrates a relationship between the amount of ion implan-
tation and the amount of frequency change when He ions are
implanted, and FIG. 10 illustrates a relationship between the
amount of ion implantation and the amount of frequency
change when B* ions are implanted. Also in FIGS. 9 and 10,
in the same way as in FIG. 3, “O” indicates the resonance
frequency Fr, and “x” indicates the anti-resonant frequency
Fa.

As is clear from FIG. 9, when He* ions are implanted,
there is a poor correlation between the amount of implan-
tation and the amount of frequency change while the fre-
quency characteristics change. This may be because, in the
case of He" ions, implanted ion tends to be easily extracted
and hence the effect of implantation varies. Accordingly,
optimally, it is desirable that ions of atoms whose atomic
weights are greater than He, namely, ions of Li or ions of
atoms whose atomic weights are greater than Li, are
implanted. As a matter of fact, as is clear from FIG. 9, when
He™ ions are implanted, it is also possible to change the
resonance frequency and the anti-resonant frequency.
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Accordingly, it is also possible to adjust the frequency
characteristics.

In the same way, as illustrated in FIG. 10, when B* ions
are implanted, there is a minimal change in the correlation
between the amount of implantation and the amount of
frequency change. However, it is also possible to adjust the
frequency characteristics. Compared with Li, B has a large
atomic weight. Therefore, even if B* ions are implanted with
about the same 200 keV as Li, an implantation depth
becomes shallow and the region 5 illustrated in FIG. 1A is
formed with a position as the center thereof, the position
being located about 0.45) away from the boundary of the
first medium and the second medium (0.45) corresponds to
a position within SiO, because the thickness of SiO, is about
0.6)). Consequently, it may be considered that the amount of
frequency change becomes small. In addition, since the
atomic weight of B is large, the change of the density of the
region 5 due to the implanted ions becomes large, and the
produced distortion of a surrounding film becomes large.
Therefore, when the same amount of ions is implanted into
a same depth, the amount of change in B becomes large,
compared with Li.

FIGS. 11A and 11B are individual schematic elevational
cross-sectional views illustrating a manufacturing method
for a boundary acoustic wave device according to another
preferred embodiment of the present invention. In the sec-
ond preferred embodiment, as illustrated in FIG. 11A, first,
a laminated body 12 is prepared in which a first medium 1,
an IDT electrode 2, and a second medium 11 are laminated
in this order. The first medium 1, the IDT electrode 2, and
the second medium 11 may be configured using the same
materials as in the above-mentioned preferred embodiment.
In this regard, however, in the present preferred embodi-
ment, the film of the second medium 11 is preferably formed
so that elastic waves excited when the IDT electrode 2 is
excited mainly include not boundary acoustic waves but
surface acoustic waves.

In this stage, ion implantation is performed as illustrated
by an arrow, the region 5 is formed, and frequency adjust-
ment is performed. Namely, in the stage of the laminated
body 12 that is a surface acoustic wave device, frequency
adjustment is performed using ion implantation. As
described above, frequency adjustment may be performed in
the stage of the surface acoustic wave device.

Next, after frequency adjustment, a third medium 13 is
laminated on the second medium 11. The third medium 13
may be formed using the same dielectric material as the
second medium 11 or formed using dielectric material
different from the second medium 11.

In this regard, however, the third medium 13 is laminated
so that, by laminating the third medium 13, elastic waves
excited by applying a voltage to the IDT electrode 2 are
boundary acoustic waves. Namely, the total thickness of the
second medium 11 and the third medium 13 is set so that the
excited elastic waves are boundary acoustic waves, and
hence the boundary acoustic wave device is obtained.

In the present preferred embodiment, in the stage of the
laminated body 12 that is a surface acoustic wave device,
frequency adjustment is performed. Accordingly, also in the
present preferred embodiment, while the IDT electrode 2 is
embedded between the first and second media, it is possible
to perform frequency adjustment with a high degree of
accuracy, by performing the ion implantation from the
outside. Accordingly, also in the present preferred embodi-
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ment, it is possible to easily and certainly obtain the bound-
ary acoustic wave device having ultimate target frequency
characteristics.

In addition, the effects and advantages of various pre-
ferred embodiments of the present invention are due to the
change in the density or the elastic constant of a medium in
a region in which the energy of boundary waves are distrib-
uted, the change being caused by the change in the density
or the distortion due to implanted particles. Accordingly,
with respect to the effects and advantages of various pre-
ferred embodiments of the present invention, the implanted
particles are not limited to ions. In addition, even if electrons
are supplied to accelerated ions using a neutralizer or the like
to neutralize ions, and atoms obtained by neutralization are
implanted, the same advantageous effects may be obtained.

While preferred embodiments of the present invention
have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.

What is claimed is:

1. A manufacturing method for a boundary acoustic wave

device, comprising:

a step of preparing a laminated body including a first
medium made of a piezoelectric substance, a second
medium made of a dielectric that is laminated directly
on the first medium, and an IDT electrode that is
disposed at an interface between the first medium and
the second medium; and
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a step of implanting ions or atoms from an outer portion
of the second medium in a thickness direction of the
second medium so as to adjust a frequency of the
boundary acoustic wave device, forming the boundary
acoustic wave device; wherein

a wavelength of a boundary acoustic wave is A, and the
ions or atoms are distributed in a region located within
about 1A above and below the interface in the step of
implanting ions or atoms.

2. The manufacturing method for the boundary acoustic
wave device according to claim 1, wherein the ions or atoms
are distributed in a region located within about 0.7A to about
1A above and below the interface in the step of implanting
ions or atoms.

3. The manufacturing method for the boundary acoustic
wave device according to claim 1, wherein during the step
of implanting ions or atoms, ions or atoms whose atomic
weights are greater than or equal to Li are implanted.

4. The manufacturing method for the boundary acoustic
wave device according to claim 1, wherein in the step of
preparing the laminated body, the second medium is formed
so that a thickness of the second medium becomes a thick-
ness causing elastic waves excited by the IDT electrode to
mainly include not boundary acoustic waves but surface
acoustic waves, wherein the manufacturing method further
comprises:

a step of forming a third medium including the same
dielectric material as the second medium or dielectric
material different from the second medium, on the
second medium so that elastic waves excited by the
IDT electrode mainly include boundary acoustic
waves, after the step of implanting ions or atoms.

#* #* #* #* #*



